Glomerular podocytes are unique in form and function. With a highly organized cytoskeleton to counteract transmural distending forces, they serve as part of a molecular sieve that establishes the permselective properties of the glomerular filter. Podocytes consist of a voluminous cell body, which bulges into the urinary space, and highly branched foot processes. 1 The complex cell architecture and polarity of podocytes partly mirrors the structure of neurons. 1,2 Both cell types are postmitotic and develop long microtubule-based protrusions cobbled with short actin-based foot processes or dendritic spines, respectively. 3 The foot processes of neighboring podocytes regularly interdigitate, leaving meandering filtration slits between them that are bridged by the slit-diaphragm. 3 In addition to the common structural organization of podocytes and neurons, both cells share several highly tissuespecific proteins such as nephrin-neph proteins, which drive the formation of slit-diaphragms in the kidney and synapse formation in Caenorhabditis elegans motorneurons, 4 amino acid transporters such as CAT3 or EAAT2, 5 ion channels such as BKCa, 6 catecholamine receptors, 7 and axonal guidance factors. 8 The slit-diaphragm is linked to and tightly regulates the actin dynamics of foot processes. 9 Strikingly, among these actin-linking proteins, an increasing number of "neuronal" proteins have been identified as crucial determinants of actinbased cell processes, such as synaptopodin, dendrin, or its interacting partner KIBRA-a protein recently associated with learning and memory. 10 These findings emphasize the hypothesis that foot process dynamics and neuronal synaptic plasticity are regulated by an analogous set of molecules. [11] [12] [13] [14] Recent studies have changed our conception of the glomerulus from a relatively static structure to a dynamic one, whose integrity depends on signaling mechanisms at the filtration barrier. 15 Typical epithelial cell layers often use gap junctions to rapidly and efficiently exchange chemical and physical signals. However, epithelial podocytes, being kept apart by slit-diaphragms, are probably not able to form gap junctions under physiologic conditions, implying a role for alternative communication pathways between cells. Thus far, very little is known of the intercellular signaling that might dynamically fine tune the complex three-dimensional foot-process network.
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In this issue of JASN, Giardino and colleagues demonstrate an exciting form of intercellular signaling by podocytes using neuronal glutamatergic transmission systems to regulate the maintenance of the foot process network. 16 Previously, these authors found podocyte-specific expression of the small GTPase, rab3A, and its effector, rabphillin 3a; both proteins play an important role in Ca 2ϩ -dependent exocytosis of synaptic vesicles, 17, 18 and interestingly, synapses of neurons form a cleft of 20 to 50 nm, which is quite similar to the ϳ40 nm width between foot processes. Earlier electron microscopy studies also showed the presence of "synaptic-like" vesicles in the secondary foot processes of podocytes and the expression of a functional glutamatergic synaptic transmission system, providing a clear hint that podocytes not only exhibit synaptic plasticity but also execute synaptic-like communications.
Giardino et al. 16 now perform an elegant in vivo study by using rab3A-null mice and pharmacologic antagonists of Nmethyl-D-aspartate (NMDA) receptors to block the glutamatergic signaling system. They observe rab3A deficiency as well as the blockade of NMDA receptors results in increased albuminuria. In vitro experiments using cultured podocytes reveal the inhibition of the NMDA receptor rearranges the actin/myosin cytoskeleton and the loss of rab3A causes uncoordinated exocytosis of glutamate-containing vesicles. Taken together, the authors uncover in their pioneering work a functional synaptic transmission system that seems to bridge the slits for interpodocyte communication, supporting the idea that podocytes share not only morphologic features but also use cell communication networks similar to neuronal cells.
By revealing a novel pathway of podocyte communication between cells, this study also raises several intriguing questions. What is pre-and what is postsynaptic in a podocyte? Unlike neurons-that develop distinct axonal pre-and dendritic postsynaptic structures-podocytes seem to communicate across identical structures through a soluble environment. How do individual podocytes discriminate between "self" and "nonself "neighboring foot processes? Is there an asymmetric distribution of synaptic-like receptors and neuronal transmitters? And finally, what triggers and modulates exocytosis?
These questions are of particular interest because synaptic signaling between podocytes may not only represent an important physiologic feature but may also serve as a molecular guidepost for podocyte recovery following podocyte injury and foot process effacement. Neuronal-like signal transmission might not only function as autocrine, interpodocyte signaling, but also serve as paracrine feedback mechanism between podocytes and endothelial, mesangial, or tubular cells. Such paracrine interglomerular signaling pathways using soluble factors have been described before. 19 In this respect, it will also be interesting to know whether these cell types express other neuronal receptors.
To fully understand the functional role of neuronal-like synaptic transmission for podocyte function, it will be important not only to focus on the similarities of podocytes and neurons, but also to appreciate their fundamental differences: podocytes are of mesenchymal origin, whereas neurons are ectodermal. The slit-diaphragm is not a synapse-like, punctuate cell-cell contact zone, but a linear cell-cell contact zone intermediating highly branched foot processes. Moreover, podocytes are attached to a basement membrane reflecting their epithelial nature.
One other important difference regarding synaptic signaling is that podocytes are nonexcitable cells with completely different electrophysiological properties. Despite these very exciting new findings, it is fair to say that podocytes are certainly not neurons. However, they seem to have adopted and combined many useful features of neuronal, mesenchymal, and epithelial cells to develop and maintain their spectacular structure and function.
WNT signaling regulates a variety of cell fate decisions and developmental processes in species ranging from flies and worms to humans. 1 Altered function of the WNT/␤-catenin pathway occurs in a diverse array of human diseases, highlighting a crucial role for canonical WNT signaling in the regulation of cellular homeostasis, organ function, and control of tissue patterning during vertebrate embryogenesis. WNTs encompass a family of 19 secreted glycoproteins, short-range signaling molecules activating canonical (␤-catenin dependent) and noncanonical (␤-catenin independent) intracellular signaling cascades through alternate binding to Frizzled and LDL receptor-related protein 5 and 6 transmembrane receptors. 2 WNT signals control levels of cytosolic ␤-catenin by inhibiting glycogen synthase kinase 3␤. Nuclear translocation of activated ␤-catenin results in interaction with a number of negatively charged ligands including the leukemia and the T cell factor transcription factors. In addition to its intracellular signaling function, ␤-catenin constitutes a central component of adherens junctions through its interaction with cadherins and other cell adhesion molecules. 1, 3 A role for canonical Wnt signaling in renal development, specifically branching morphogenesis of the ureteric bud, is well established. 4 -6 Several Wnt components are implicated, including Wnt 4 4 and Wnt 9b. 7 Deletion of ␤-catenin in renal epithelial progenitors results in failed condensation of metanephric mesenchyme with reduced nephron formation, whereas constitutive activation induces ectopic leukemia and the T cell factor-dependent transcripts. 8 In the mature kidney, increasing evidence implicates Wnt-␤-catenin signaling in the pathogenesis of renal interstitial fibrosis. 9 A connection between canonical Wnt signaling and glomerulopathy has, until now, been far more tenuous, although the ␤-catenin complex is expressed at the slit diaphragm. 10 In addition, activation of integrin-linked kinase occurs in hereditary nephropathy, and unpublished observations in human podocytes identified nuclear translocation of ␤-catenin together with upregulation of glycogen synthase kinase 3␤ in association with specific NPHS1 mutations (A.K. and M. Saleem). Moreover, a functional consequence of integrin-linked kinase activation in puromycin/adriamycin-induced podocyte damage is nuclear translocation of ␤-catenin. 11 The study published in this issue of JASN by Dai et al. 12 builds on these initial observations and provides innovative data that corroborate a role for aberrant activation of canonical Wnt signaling in the pathogenesis of glomerulosclerosis and proteinuria. Preliminary findings in adriamycin nephropathy established the pattern of Wnt activation. To test their hypothesis further, the authors focused subsequent functional experiments on the prototype of the group Wnt1, activated de novo by adriamycin injury. They demonstrated exacerbation of podocyte damage in adriamycin nephropathy by exogenous Wnt1, alongside rescue through blocking endogenous Wnt signaling using canonical pathway antagonist Dickkopf1. Subsequent experiments established a role for canonical Wnt signaling in glomerular protein leak by verifying that podocyte-specific ablation of ␤-catenin in mice protects against podocyte injury, whereas activation enhances proteinuria. A mechanistic explanation is partially provided by the observation that Wnt1-mediated induction of Snail, a known transcriptional repressor of nephrin, 13 downregulates nephrin in cultured podocytes. Subsequent detection of Wnt-1/ ␤-catenin activation in the podocytes of patients with FSGS and diabetic nephropathy suggests a link between experimental findings and human disease. Nevertheless, because Wnt-1/␤-catenin activation was identified only in a circumscribed number of cases, it would be intriguing to examine sections from a wider range of primary glomerulopathy, including minimal-change and hereditary nephropathies, to help ascertain the spectrum and confirm whether activation might contribute to the pathogenesis of glomerular scarring analogous to processes seen within the renal interstitium. 9 Increased expression of mRNA encoding canonical WNTs and Fzd5 in podocytes occurs the day after adriamycin injection, whereas the increase in active ␤-catenin protein is observed 3 days after injection. Both time points precede onset of overt proteinuria, supporting activation of the canonical pathway during an early stage of injury rather than simply consequent to proteinuria. Interestingly, overexpression of exoge-
